With the development of the technology of streak tube device, the application of streak tube as a transient optical device is no longer confined to the field of high speed photography and optical spectroscopy. A streak tube imaging LIDAR (STIL) for underwater imaging is devised，the streak images are obtained, and the extraction of feature data and 3D reconstruction are performed. The difference in distance of the two objects, which is calculated by the theory, is close to the actual value，so the feasibility of using this system as laser imaging is verified. The experimental results show that the STIL has a high resolution, and has a good application prospect.
INTRODUCTION
Laser radar imaging has undergone the development of scanning to non-scanning type [1, 2] .High precision 3D image and high precision intensity image can be obtained by STIL as non-scanning LIDAR which has been applied in various field such as geomorphic survey, mine detection, fish detection and other
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Cuichun Hu, Lihong Niu*(corresponding author), Qingyu Yuan, College of Optoelectronic Engineering Shenzhen University, Shenzhen, 518060, China Lei Wu, Hongru Yang, Bing Yu, Xi'an Institute of Applied Optics, Xi'an, 710065, China Civilian or military fields [3, 4, 5] . However, STIL is still a fresh topic in China. In this study, a set of underwater laser radar imaging system based on streak tube is established. Objects with different distances are imaged in experiment. The three-dimensional reconstruction of the target is completed with the date extracted from the original streak image, which verifies the feasibility of the proposed scheme.
STREAK TUBE IMAGING LIDAR The Imaging Theory of Streak Tube
The streak tube can display the process of signal's changing over time. Image obtained by streak tube contains not only one-dimensional continuous time information but also the spatial information of target. The main structure of streak tube includes a photocathode, an electronic acceleration system, an electronic focusing deflection system and a fluorescent screen [6] .
The detecting principle of streak tube, as shown in Figure 1 , is that expanded laser irradiate targets, then rays reflected by the targets is collected by receiving optical system. Photocathode converts incident light into electronic pulses with the same spatial and temporal characteristics. The electronic pulses enter the deflection field of streak tube after passing through focusing system which has a voltage which is varying linearly with time, and therefore electrons are deflected by different voltage at different time. The position of photon on the fluorescent screen is determined by deflection voltage and corresponds to the distance between target and detector [7] . [7] . Figure 2 shows the block diagram of streak tube imaging system which consists of an optical transmitter, an optical receiver, streak tube detector, CCD processing unit, the delay trigger and the image processing control unit.
The System Theory of Underwater Streak Tube Imaging LIDAR
The specific work process of this system is that the receiver receives the light reflected by the target and then the light is imported to the slit of the streak tube detector, after that, slit-shaped laser is converted to electron pulses. According to the incident time, the converted photoelectrons are deflected with different degrees by the deflection voltage and then are accelerated and multiplied by MCP until hitting a phosphor screen. A two-dimensional fringe image would display on a phosphor screen and then would be coupled into a CCD which has high frame rate.
Afterwards the CCD outputs and transfers the images to a computer for processing images、extracting characteristic data and saving image information [8] , etc. The final 3D image which contains the intensity and distance information of targets will be obtained by image reconstruction. For ensuring the synchronization of electrical pulses with scanning camera, an optical splitter is placed in the optical system. Thus, partial light from the output of the laser emission system will act as synchronizing signal after PIN's transformation. After receiving the synchronization signal, the delay triggering unit will set an accurate scanning delay according to the detected distance of the targets for the streak tube imaging system to ensure the synchronization among the reflected laser pulses、scan control circuit of image converter tube、MCP control circuit and the digital CCD control circuit.
Control and image processing unit control and coordinate the work of streak tube detection system, ensuring the acquisition, storage and processing of stripe image, so as to realize the orientation, identification and display of underwater targets.
DATE EXTRACTION OFSTREAK IMAGE
The feature information of the target in streak image is the pixel off set, corresponding to different time intervals which can be converted from the actual distance of targets to the imaging system. The distribution of laser pulse energy is approximately Gaussian shape, as shown in Figure 3 , the pixel coordinates of the peak position indicates the position of target in the streak image [9] .
The horizontal axis of the streak image along with the direction of the slit indicates spatial information of targets, while the longitudinal axis of the streak image is time-resolved channel. The positions of maximum intensity in each column are extracted and the information of gray value and location of the extracted point represent the information of strength and distance information on the target respectively.
Assuming the sequence of streak imagesf p (i,j), (p=1,…P;i=1,…M;j=1,…N), P is the frames of collected image, while M is the number of rows and N is the number of columns in a streak image. In this way, intensity and distance information of one certain row of a reconstruction image can be described by formula as following:
I (p, j) is the reconstructed intensity image, and R (p, j) is the range of reconstructed image. Whilei represents the abscissa on the CCD of point with maximum gray value in each column. The extracted Information from different frames is arranged in a particular order to be used to obtain the distance and intensity images finally. 
RESULTS AND DISCUSSION
Streak tube camera is self-designed [10] , which can response to spectral of 400-850nm, and its time resolution is less than 500ps, dynamic spatial resolution could be 10lp / mm, and it has four full screen scanning time options: 46, 95,185 and 275ns. And the resolution of CCD is 512 × 512.
The gear of 46 ns is used in experiment since the distance between the targets is less than 1m, which is shown in figure 4 . Targets is divided into two floors, the distance between two front surfaces is 0.3m, besides the distance between the lower target and background wall is 2.7m. Laser emits pulse light with a frequency of 2Hz, then CCD collects images with the same frequency. The original images obtained in experiments are shown as Figure 5 .
Results of extracted date processing are shown in Figure 6 . From the diagram we can find that the pixel offset of upper target to wall is 220, while the pixel offset of lower target to wall is 200. Previously we know that one pixel of the CCD corresponds to 90ps. That means that the time difference of 20 pixels correspond to a distance of 27cm. Comparing to the actual distance between targets which is 30cm, we can see that the absolute error is -3cm. The results show that streak tube imaging LIDAR can achieve the imaging of decimeter level resolution. A streak image contains "azimuth & distance" intensity information of the goal. In this experiment, spatial information of another dimension is obtained by a lift which is used to simulate underwater platform motion of the detection system, which is used to obtain "azimuth -azimuth -distance" intensity information in target scene. Finally a three-dimensional image is created, which is shown in Figure 7 .
CONCLUSIONS
By theoretical analysis and experimental verification, STIL technology has been demonstrated to provide high resolution 3-D images. This study provides a new method for underwater three-dimensional laser imaging. For the future improvement of the system, the full screen scanning time should be set based on probe depth of field and detection accuracy. Resolution performance of streak tube should also be further improved.
